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Evaluation of Chemicals Used for Drinking
Water Disinfection for Production of
Chromosomal Damage and Sperm-Head
Abnormalities in Mice
John fl. Mew, Richard J. Sufi, Judy A. Stater, and Michael C. Clmino

Toacotoqy and M/crofltatogy Division. Heatth Shots flesewen Laboratory, U.S.
Envtmnrmntai Proroctmn Agency, ancrmao (J.R.M., AJ&. XA.S.J ana Oeoanimm of
Matocutr Toxicotogy, Utton Bionmcs. Kensington. Maryland (M.C.C.;

Chemical oxidams are commonly added during waier treatment for disinfection
purposes. These chemicals have not been tested previously for their ability to
induce geneoc damage in vivo. Chlorine thypuchiorite and hypochiotous acid),
mooociiioraniine. chlorine dioxide, sodium chlorite, and sodium chlorate were
evaluated for inducnon of cluorotaocnii abemuotu and nuoonudei in bone
marrow of CD-I mice, and for induction ot" sperm-head cboonnlitKS in H6C3F1
mice. Oral adminiscranon of chlorine at pH 8 J5 (where hypocnloritepredonuniiesi
at dtr» levels equivaleai to approxinatdy 4 anrt 8 rag/'h?/Jay induced signincut
inotaao in the level of sperm-head abnormalities, then: was no evidence of
other effects with any of the disuncoms. Halogenaed acetorumles. which have
pitvioutiy been shown to form in die stomach following oni dosing of sodium
ftvpochtorite to rao. wen also tested in the sperm-head abnormality assay but
gave oo indication of an effect.

Kty wwdK du i. spcnu ab«br»
imiiocs.

INTRODUCTION

Disinfectant chemicals are generally added during drinking water t.canrcnt in
levels surficient to produce residual concentrations of the 'inir*"''"™ in the distribu-
tion system. One important public health question peninem to this practice is whether
the chronic ingestion of residual leveis of disuucctaots results in a signincant genetic
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or carcuiogenic hoxird to the human population. Both chlonnc (present dunng water
treatment as a mixture of hypochlorous acci and hypochloritei and monochlonuiune
have been Deponed to x weakly rmitaaerac to bactena [Shih and Lederberg, 1976:
Wlodkowst. and Rosenknnz. 1975! and to preierentiaily kill DNA repair deficient
strains of bacteria [Shin and Lederberg. 1976; Rosenkranz, 1973], an indication of
DNA damaije. There is evidence to indicate chat tnese effects are not due to che
disinieccuns themselves but rather to reaction products. Sodium hypocholorite has
been shown to react with amino adds in vitro to form haiogenated acctonitriies [Trchy
and Bieber. 19811, which possess carcinogenic and mutaecnic properties [Bull and
Robinson. 1985; Meier et ai. 1983]. Genotoxic etfects have been observed in bacterial
systems following chlorination of amino acids [Sussmuth. 1982]. Recently, Mink et
al [19831 have demonstrated the formation of several haiogenated compounds, includ-
ing chloroform. di- and trichioroacetic acid, and di- and arichioroacetaritrile. in the
stomach content or blood plasma of rats following oral administration of sodium
hypocalorite. The present study was carried out 10 determine whether three chemicais
currently being used for drinking water disinfection (chlorine, chlorine dioxide, and
aionochlorairJne) and two reaction products of chlorine dioxide (chlorite and chlorate)
induce geootoxic effects following oral administration to mice. For this evaluation.
mouse bone marrow micronucleus and cytogeneac studies were conducted to deter-
mine whether the disinfectants were capable of damaging chromosomes in a somatic
ceil type. The: mouse sperm-head assay was used te test the ability of the disinicctams
io disrupt normal sperm morphology as a measure of rrutagenic potemiai to a germ

MATEWAIS AND METHODS
Cftwrncala

A stoci; sohaon of NaGCl (approximately 31 g/liter C11 was pi craned by
bubbling Cl; into a 1 M solution of NaOH until pH 12 was rranhcri. The concentration
of chlorine xas determined by iodometric deration ( Method 409 A) [American Public
Health Association. 19751 • Solutions of chlorine for dosing animals were prepared by
adjusting the pH with 2,5 N HC to either 8.5 fpredr. inant chlorine species: OG")
or 6.0 (preriominact chlorine species: HOG), and diluting with distilled H^O to
concsmracons of 200 me/liter. 100 rag/liter, and 40 mg/ liter in chlorine equivaiems.
MonochioraminaiTffliCl) solutions were prepared by slowly adding me NaOCl stock
soiuiion to 1.5 M NH*OH in a molar rarid of 1:1. The G concentration was
determined as above, and then adjusted to the same concentrations as those used for
chlorine dosing. The pH was adjusted to 8.5 by addition of 2.5 N HC1. Chlorine
dioxidr. (GO?) solutions were prspved by tacting sodium chlorite (NaQCk) with
HiSO4, removing free chlorine with a NaClQi trap, and collecting ihe generaud
CO-: in distilled H?G. The concentration of GO; was determined by absorbance ac
359 run (A359 for I vatA GOa » 1.10). The concentration was adjusted to 400 rag/
liter. 100 rag/liter, and 100 mg/litcr G equivalents in distilled H^O. Sodium chlorite
and sodium chlorate (NaGO3) were obtained commercially as reagent grade chemi-
cals. Solutions were pie pared gravimetnrally in distilled HiO at concentratious of
1000 mg/ liter, 500 mg/liter. and 200 mg/liter.

MonochloroacstOTuttile (CH2GCN){ trichioroacetoniuiie (CG-jCN), auddibro-
raoacaorumie (CHBriOO were purchased fr?n: Aidrich Chemicai Corapooy Oich-



G«nato»c Effects of Dtstnfcciaou 203

loroacetorotnie iCHCIiCTi was purchased from Pfaitz ana Bauer. Inc. The punty of
these comoounds was found to be greater than 99% by gas chrornatographic (GO
analysis. Bromochioroacetamtnie iCHClBrOO was synthesized in our laboratories
at a puhry of 97.4% bromochioroacetoiuEnie and 2.5% dichloroacetonimie.

Animals

Male and female 3-11-week-old Swiss mice of strain CD-I (Caries River
Breeding Laboratories. Inc.) were used for the micronudeus and bone marrow
aberration studies. This randomly oiubred strain was selected to ensure genetic
heterogeneity. For the sperm-head abnormality tests. S-11-week-old hybrid mice of
strain B6C3F1 (Charles Riven Harian Industries. Inc.) were selected because of their
low and consistent background levels of abnormal sperm. Animals were group
housed, separated by sex and by treatment group, and allowed food (Purina Labora-
tory Chow) and water ad libitum.

Animals were dosed by oral gavage with 1 ml of test solution on a subchronic
regimen (five daily administrations approximately 24 hr apart). Concurrent negative
controls received deionized water, die diluent of the test solutions. Positive controls
were also included tc ensure that the assays were working properly. Generally these
were also concurrent. The intraperitoneal (IP) route was used for administration of
the positive control chemicals since mis route was round to be suitable tor eliciting
consistent, effective responses in all three assays employed.

MScrenudsua Assay
Five males and five females were used for each treatment group (three dose

levels of the test solution and coatrols). The positive control was 1 rag/kg triethyl-
enemeiamine (TEM) in 0.9% saline, administered IP as split dose concurrently with
the last two cays of dose ^minimaium OI' me test solutions. Six hours aner the last
(fifth) dose administration, animals were killed with C02 or by cervical dislocation
and the tibiae excised. The marrow was flushed from the bone into centrifuge tubes
containing 3 ml of fetal calf serum. After centrtfugauon and resuspension of the
marrow, portions of the resultant ceil suspension were spread on slides, air-dried,
and stained in May-Omenwaid solution and Gicrasa. One thousand polychromatic
eiythrocytes (PCEs) were scored for micronucici for each animal. The percent
microntirlmted PC£s per animal was the endpoiat used in evaluation of the data. The
data from male and female animals were arniyzed both separately and combined. A
Student's t-test was used to test tor differences between each, treatment level and the
concurrent negative control. A significance level of 0.01 was used to indicate a
positive response. This levei was chosen to adjust for the multiple wests used.

Ben* Marrow Aberration Assay

In addition to the succhronic doeag regimen described above an acute admin-
istration was also employed in this assay. Eight iinimals (four males and four females)
were used per trenonent group. Animals iosed acutely were sacrificed 6.24, and 48
hr after exposure; animals dosed subchroniciily were sacrificed 6 hr after the last
exposure. The positive control was 1 rag/kg TEM in 0.9% saline administered IP as
a one-time (acute) administration concurrently with the 24 hr icute component of the
study. Three hours prior to sacrifice, anuncis were injected IP with 4,0 rng/kg
colchicine to collect mitaohases. Ankiais were killed aqa the marrow obtained in
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Honks' balanced salt solution by procedures similar :o those already described for aic
mic.-onucicus assav. After centnrugation the morrow was created successively wuh
hypotomc ifl.075 M) KC1 and with fixative (3: 1 meihanoliacenc acid). After storage
of the fixed material at 4°C for at least overnight, slides were prepared and stained
with 5-10% Gicmsa at pH 6.8. A mitotic index was determined by scoring the
number of ceils in mitosis based on at least 500 ceily. Fifty metaphase spreads were
scared for each animal where possible for structural and, numerical aberrations.
Numerical aberrations included cells showing either hyperploidy or poiypiouiy. Struc-
tural aberrations included chromosome and chromaud breaks, chromadd deletions.
fragments, translocanons. triradizis. quadriradiais. pulverized chromosomes, pulver-
ized cells, complex rearrangements, ring chromosomes, diccntric chromosomes, and
minute chromosomes. Four endpoims were evaluated tor statistically significant
differences between the response at each treatment level and the concurrent negative
control, using a Student's west at a significance level of 0.01. The endpoims were
(1) number of structural aberrations present per animal. (21 number of numerical
aberrations present per animal. (3) percentage of ceils with at least one structural
aberration present per animal, and (4) percentage of ceils with 1*0 or more structural
aberrations per animal. Data for male and female animals were analyzed bom
separately and combined.

Sp*rm-Ae«d Abnormality Assay

Ten males were used for each treatment group. At 1. 3, and 5 weeks after me
last (fifth) dose administration (using the subchronic dosing regmen described above),
animate were sacrificed with CQi or by cervical dislocation. The posmve control was
ethyl methanesuUbnate (EMS) in deionized water at 200 mg/kg, adiiijaiaieied IF in
five daily doses. A positive control was used for each kill time. The caudae epididy-
tnidea were ftiwoeri arri placed into a pern dish containing 0.9% saiinc. After dicing
with a scissors, the suspension was gently pipetted rive to six times in and out of a 5-
or lO-mi prpeae. The suspension was strained through a 80 -pm silk mnh to remove
tissue fragments, and 0.5 ml of the nitrate was stained iu a centrifuge tube with 0.05
ml 1% Eosin Y. Slides were prepared from this suspension by spreading a drop over
the slide with three passes of the edge of another slide. One thoasmd sperm-heads
(500 by each of two readers ) were scored per animal, where possible, for sperm-head
shape abnormalities using the categories of Wyrobek via Bruce (1975.]. Either ac
analysis of variance procedure or Student's t-test (a =» 0.01) was used to analyze (he
data for differences in the peieeat sperm-head abnormalities per animal between
treated animals and concurrent controls. la the case where reader differences were to
be «Mi>ihiHri a two-way (dose and reader) analysis of variau^s was done. Outliers
were excluded from die analysis, as recommended by Scares « al £1979], using
Dixon's Test for Outliers [Dixon and Massey, 19691 on the set of scores for each
reader at each dose level. An arcsin transiormanon of the dau was used to stabilize
the variance tor the analysis of variance. A positive response was based upon a
significant increase at any OOM tevei over the concurrent control using a significance
level of 0.05.

RESULTS

The results rrom testing the disinfectants in the mouse micronucleus assay are
shown in Table E. QCT produced statistically significant elevation at the Q.Q5 level

7
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Dn&fciM Water Dinnfecnon ia tlw Mouse

dose 3

Samok

ocr
HOO
NH*a
ao,
aor
ao,-

0

0.01 - 0.01
0.10 ± 0.02
0.08 i Q.O*
0.12 ± 0.0*
0.10 ±0.0*
0,29 ± 0.07

i:*

0.04 i 0,02
O.CC i 0.02
0.08 ± 0.0*
0.10 i 0.0*
0.10 ± 0.0*
MB ±0.08

l:t

0.10 ± 0.03
0.06 ± 0.02
0.04 ± 0.02
0.0* i 0.02
O.I* * 0.07
0.18 - 0.06

Unsiluted

0.12 iO.4
O.G8 i 0.03
0.1 1 ± 0.06
0.13 ± 0.03
0.20 ± 0.07
O.I* ± 0.0*

"Values expressed a* percent imaomideated cells, mean per iniaal ± ihe SEM far both sexes
combined. Triediyieaemeiamine iTEM) wu used as a posnive control twice duiinf the coune of this
study. Aitimnianaooor ^HMacadoseleveiot'OJ mg/kj/oay x 2 gave rise to a mean per animal or
125 ± 0.40%.microa. Mual cdls. bued on a tool of' 20 aotmls.
bCbnc>noimx»oitfaeundilaBd»aniok»cquaiZOOn^lrtertw
for QO«; and t.OOO mgiliicr for QO>~ and OO)'. Dose vras 1.0 mi or' the indicated SOUIUOCB by

but not at the 0,01 level in the number of niicronucieaied polychromatic erythrocytes
ai the two highest dose levels tor tne combined daiu from both sexes. Since signinranf
incraases were not seen in either sex considered separately (daa not shown) and since
the concurrent negative control for this assay was low in comparison with (he other
controls, the increase in the combined dan was not considered biologically signifi-
cant. None of the other chemic&'s '»ry* gave significant increases for either pooled
or individual sex data. The positive control chemical. Driethylenemeiamine (TEM),
induced a significant number of micromidei at the 0.01 level of significance for both
male and female animals.

Table a shows the results obtained in the mouse bone marrow cytogenedcs
3ssay 3rrer treairnent or •''"iiraii with d^ di!PnrecraiBs u
regimen or a single acute dose aaaimstxanon (24-hr sacrifice I. There were no
significant differences trom control for any of the treatment groups in enter structural
or numerical chromosomal aberrations for any of the four endpoints analyzed.
Negative results were also obtained following a single acute dose administration wtrh
cy togenetic evaluations of animals at sacrifice times of 6 and 48 hr (data not shown;.
THM gave risr. to consistent, significant increases in both structural and numerical
chromcsomai aberrations relaciv* to control.

Oast obtained in the sperm-head aoLormatity assay at I and S 'weeks following
treatment with the disinieaana inriiowd no treatment related differences in the
percentage of abnormal sperm-heads (data not shown). Table HI &hows the results
which were obtained at 3 weeks pott-treatment. The negative control values, which
determined with each chemical assayed, varied from 0.91% to 3.33% abnormal
sperm. These valuta were within the range of laboratory historical controls. Several
factors are known to cormbuu, to variation in background frequencies of sperm
abnormalities including effects an die animals (eg, age and seasonal effects (Grahn
and Famngmn. 19831), as well as differences among rea^srs in scoring of slides.
Because of differences in time between the testing of different chemicals or retesting
of the same chemical, and because of the involvement of diffemscorentoroifTerem
experiments (vs the same two scorers within the same experiment), concurrent rather
than biitoricai control values were used in the analysis of the uata. The factors tested
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TABLE II. Activiir of Chemicals Uacd for Onnkiov Water Disinfection tn ttie Mouw Booc
.usav

"S Culls witn cnromosomai aocrrauons"3' Jose*

Samole

ocr
Hoa
NHjd
ao.

ao;-

ao,~

Dose
rypej

Suu
Ac
Sub
Ac
Sub
Ac
Sub
Ac
Sub
Ac
Sub
Ac

0

S

0.3
0.6
1.5
0.3
0.5
0.0
0.0
0.9
0.6
0.3
0.8
0.9

N

1.3
0.9
:.o
1.3
0.2
1.0
1.5
0.9
0.9
0.6
:.o
0.5

I:

3

0.0
OJ
3.0
1.3
0.0
0.5
0,2
0.6
0.5
0.0
i.:
1.0

.1

N

:.6
2.0
1.2
:.o
0.0
1.4
0.3
0.6
0.2
2.0
1,2
2.0

I:

s
0.0
0.5
o.s
:.o
0.4
0.5
0.5
0.0
1.4
0.5
0.2
0.0

1

N

2.3
1.2
1.9
i.O
1.3
0.0
1.0
0.3
1.7
;-.o
".5
?.0

Undiluted

S

2.D
3.0
2.0
1.5
0.0
0.0
0.6
0.8
0.5
0.5
1.3
0.8

N

1.0
1.2
I . I
1.2
2.0
0.3
0,0
2.7
0.0
1.2
1.6
1.2

'Values expressed as the mean per as or ceils per animal with itiucmnu iSt or numencai (N)
abemuuM. Eight animals were used per dose group. Data tram boot sexes were combined. Fifty
meocmie cells were '.cored per animal, if p«uble. This was ime in 93 3 at'the cases.
^riahyieneameiairane was afimmstered as 3 positive control by sincie IP iniecnon ot 1 mg/kf, with
animal sacnnce 24 itr later. The mean* suucniiBl and numerical aobenuoas form 24 mural* were
33.9 and 7.2, respeeaveiy.
'Cancmnaani ot die undiluted sunpkt equal 200 mg/tiier forOCl~, HOC. and C1NM*; 400 m?/liter
for dO«; aod 1.000 mg/Uter tor OO*~ aod COj". Dow was 1.0 ml ot the indicant soluoons by
gavtge.
''Sub * scbcttromc dosin; (S daily adnvmnnom) with sacniict at 6 hr foilowimj the last dose: Ac =»
acme dosuif with sacntice 24 hr later.

in the analysis tor significant differences were dose, reader and a dose by render
interaction. A significant effect in the dose by reader interaction would imply that the
dose response pattern differed between readers. A /ngnincant interaction or a signifi-
cant difference between readers presented potential problems in the interpretation of
the results tor each of the chemicals tested. If the examination of reader differences
and the overall result indicated chat a significant assay response may have been
masked by tne-.differences berween readers, then each reader's data were analyzed
separably.

Even though there were significant reader differences, the combined dose scores
for OCI~ showed a significant increase over control in sperm-head abnormalities tor
both the medium and high dose levels. In s. repeat experiment with the same dose
levels of OQ~ a significant increase over the controls was found at each dose. When
considered separately, the scores tor three out of the four readers showed a significant
Increase over the controls in percent of abnormal sperm-heads. The overall dose-
response pattern that is evident from both experiments with OCI~ indicates that OG~
increased the percem sperm-head abnormalities in i dose-related manner at doses
equivalent to 1.6 and 4.0 mg/kg body weight per day. Ths levels of increase vs the
concurrent control values were similar in both the initial and repeat expercnems.
mching about rwict the control values at the 4.0 mg/kg dose. A higher dose of 8.0
mg/kg resulted in no further increases above that seen at the 4.0 mg/kg dose. Based
on these findings of a reproducible, dose-related, and statistically sigiuncort response.
OG~ was judged to be positive in the assay.

9
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TABLE m. Activity of Chemicals Used for Drinking Water Digafcaioa in dw Mouse Jpcna
Had Aboornuitiv

Abnomul soenn-new*: dose5

Ssmoie t:4 1:1 Undiluted

ocr
ocrc

HOG
HOCP
NHiQ
NHXl*
cio«
cia*
ao.-

:.1Z r 0.19
0.91 ± 0.09
2.73 ± 0.31
1.06 ± 0.06
1.16 - 0.19
2.06 ± 0.23
1.22 ± 0.12
3.24 ± 0.22
3.33 ± 0.64

:.3I = 0.16
1.41 - O.I5-"
^.07 ±0.19
1.24 ±0.08
1. 10 ± 0.09
2.00 ±0.17
L51 ± 0.17
2—6 ± 0.22
2.29 -i 0.30

4.07 = 0.39«*
1.74 =O.I3"
1.36 --0.11
1.01 - 0.10
2.57 r 0.50""
1.66 -0.14
1.54 i 0.14
1.96 = 0.09
3.02 - 0.33

3,68 ~ 0.47"
1,37 ±0.10*
1,43 ± 0.08
1.02 ± 0.08
2,39 ±0.41-
1,51 ± 0.17
1,43 ±0.17
2^7 ± 0.20
i.n ± 0.23

•Values expressed u men percent or atonomai sperm-head per amimi * the SEM. EibyU
methanesuifonate wu adnunuxerea as a positive control by IP injection at > dosti Jr 200 mi/k?/day tor
5 days. Mean respome was 18.36 = 4.47% of abaormi sperm.
bCoocenoioom ot (he undiluted samples were 200 m^liter tor OO~, HOC. odd C1NH?; 400 mytiter
for CIO;, and 1.000 m$/liier for aOj~. Dose was 1.0 mi or the indkaiea soiuooni by gavage for 5
successive days. Animals were sacrificed 3 weexs arter die nnii exposures.
TUant oi chenncai.
•Sl^nncandy elevated above cantroi at p < 0.05.
"Si^nincainlv «ievatm above control at p 4 0.01. Sipiucaat differences were detemnned In1 repeated
measures ANOVA.

HOG, the protonaied form of chlorine in water, failed to produce significant
increases in sperm-head abnormalities. This result was somewhat surprising since
Qd~ should be convened to HOG in the acid pH of the stomach. Thus, similar
results for the two species of chlorine might be expected. However, a repeat experi-
ment with HOG connxmed the negative result.

The results with moflochloranune were somewhat ambiguous. In the initial
assay with this compound significant elevations in the yercmtf abnormal sperm-heads
over cnntroi were observed for both the medium and high dose levels. When the
responses for each reader *ere examined individually, it could be seen that these
elevations were due entirety to the scoring of one reader. In the repeat assay with this
compound, there was no indication of a positive response using either reader's scores.
Therefore, mcnocnioramine was judged to be negative in this assay.

Chlorine dioxide failed to produce a significant increase in sperm-head abnor-
malities u doses equivalent to 3.2. S.Q, or 16.0 mg/lcg/day. Furthermore, n -iiher
chlorite nor chlorate, two inorganic by-pro^xts of chlorine dioxide, inriucrri signifi-
cant increases in the level of sperm-head abnormalities at doses of 8, 20. or 40 mg/
leg/day.

Because several halogenaied acstommies have been shown to be formed in vitro
following chlorination of araino acids (Trehy and Bieber. 1981], and in vivo in rat
sumach consents (Mink et al, 19831, it seemed possible that the positive results with
hypochlorite in the sperm-head abnormality assay might be aoributabie to one or
mote of these compounds. Therefore, mono-, di-, and trichioroacetonitrile: brtrmo-
chloroacetomtrile; and dibromoacetonirriie were tested for their ability to inriucf!
sperm-head abnormalities- in mice. The highest total dose level for testing these
compoupos (ie, 250 mg/kgj was chosen to approximate the single orai dose LDW.
The LD«o values have been determined in mouse for dkhloroacetomtnie and oibro-

0
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moacHonitriie 10 be 275 me/kg and 295 me/kg. respectively (U Cjndie. personal
communication i and in ntt for monocniaroacetonitnle ami tnchJorocectaruinie to be
220 me/kg and 250 me/kg, respectively (N10SH Registry, 1978]. The results obtained
at j and 5 weeks following administration of these compounds by oral zavage to mice
are shown in Table [V. No treatment-related effects were seen with any of these five
compounds.

DISCUSSION

The present data indicate that hypochiorite. rhe form of chlorine that predomi-
nates at normal drinking water pH. may represent a mutagenic hazara. based on the
results of one in vivo test for mutagenic potential. Observations of increased sperm-
head abnormalities in mice at 3 weeks following treatment, but not at 1 weeic or 5
weeks, suggests that the effect may be specinc to late primary spermatocytes. a cell
type in spermatogenesis which undergoes meiotic division and which is subject to
mutation.

Although the response observed with hypochiorite was weak, (he minimum
dose at which an effect was seen was relatively low in comparison to other compounds
positive in this assay [Wyrobek ec ai. 1983]. In relation to levels of expected human
exposure, the dose levels employed in the present studies were rainy high. Normally
in the United States chlorine is applied during drinking water treatment at levels of 5
to IS rag; liter, which varies depending on the water source. The residual chlorine
Icrais roiiowing treatment are generally 1 to 2 rag/liter. Assuming an average drinking
waer consumption of 2 liters per day by a 7Q-"g man. the aduit human dose on a per
kg basis would be approximately 0.03 to 0.06 mg/kg/day. The lowest dose levels
applied to the mice were 17 fjo 50 times higher. However, exposures were limitgri to
5 day?,, rather r^an the lifetime human exposures. Furthermore, considering the oae-
hit theory or mutation induction, an effect seen at these doses may be significant in
terms of- poienriai human risk.

P* < " • • * * ! » . - " i trying to relate the effects ssen with hypochiorite to
a **•. ^iinty of tha induction of sperm-ima abnormalities as

in the MoMt Soerm^euA Abnornaiity Asair^

Abnoramt sperm-head mem per aoinat = SE:
dav)

• ..*.. - '

*. 1

'.«"

--•i#N
oa,CN
ca^N
CHCIBiCN
CHOBiCN
CHBrtCN
CHBr-CN

^

5
j
5
3
5

0

1.09 i 0.19
1.04 * 0.10
1.29 ± 0.12
1.04 ±0.14
0.44 * 0.06
0.57 ± 0.07
1.71 ± 0.07
1.21 = 0.17
0.62 = 0.0&
0.67 - 0.07

!2^

0.93 * 0.09
1.20 ± 0.12
1.06 * 0.07
t.16 iO.10
0.55 - 0.10
0.80 ± O.OT
[.47 = 0.15
1.02 ± 0.14
0.84 =0.10
0.71 = 0.07

21

0.94 = 0.09
1.00 = 0.14
1. 11 =0.14
1. 21 = 0.23
0.38 = 0.02
0.67 = 0.06
1.31 = 0.25
0.86 = 0.06
0.62 = 0.05
0.86 = 0.09

:0

1.01 = 0.15
1.18 =0.12
1.23 =0.11
1.22 i 0.14
0.56 ± 0.13
0.68 = 0.19
1-20 = 0.09
1.13 r 0.11
0.53 = 0.07
0.54 •= 0.07

wu unumnena as a positive twniroi in live ip injecoota i24 hr apan) of 200
The mam percent abnonml spam vuues = SE nnged trom 2.36 = 0.47 10 16,03 ± 2.22 tor

3 wma poB-iamiiiistniioD ma 4.13 = 0.52 to 24.79 ± 3.31 for 5 ween post-wnunutnoon.
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a gcncnc endpoint. The genetic basis for the assay has been discussed in detail
elsewhere {Wyrobeic anu Bruce. 1978]. However, the meaning of positive results in
the mouse sperm-head abnormality assay is currently the subject of debate, and the
assay is still undergoing development and validation. The assay was originall/
developed by Wyrobek and Bruce [1975] as a method tor screening agents with
carcinogenic, muiagenic. or teratogenic properties. More rer-endy, it has been pro-
posed chat the assay may be usenii for specifically idendryiug riinmrnniiart mutagens
rather than carcinogens [Tophanu 19801. This nodon is supported by a review of the
available data in a recent report of the USEPA's Gene-Tox Program [Wyrobek et ai.
1983], which shows the assay to be highly sensitive to germ cell mutagens but not to
carcinogens. The specificity of the assay for detecting mammalian mutagens has not
been round to be good (ie. high number of false positives); but because of the limited
data base involved, this finding requires runner assessment. Therefore, it seems
prudent at the present time to consider the positive test results with hypocnioritc in
[his assay as presumptive evidence tor the mutagemc p jtennai of this compound.

Because of their reactivity it is unlikely that substantial levels of unchanged
disinfectants could actually reach the testes. In tact, when chlorine (eiiher at pH 6.7
or at pH 8.5t was allowed to react with stomach contents of mice in vitro at levels
comparable to those used in the in vivo assays (ie. 1 mi at 100 mg/Uterj, no free
chlorine residual was deteccmle within 10 sec, the shortest time that could be
measured, This remit mrftKifea dm the positive resuii obtained with GCI* in the
sperm-head abnormality assay is most likely attributable to die formation of chlori-
nanon bry-produosis). The difference in results at pH 8.5 vs pH. 6.5 indicates that the
reaction between QCP 2nd stomach contests is rapid compared to its expected
conversion to HOC at the acid stcradi pH. and suggests a difference in Ute types of
by-producrs produced with OCI~ vs HOC1. Recently, Mink et al [1983] have idemi-
fied a number of halogenated organic compel, 'hit were formed upon the intuba-
tion or? tats with high doses of chlorine ai pH , .nriflded in the by-products were
telocoetonuriies and orihaiometnanes; chemicals that possess boife carcinogenic and
mutagemc properties. I: was of interest to know to what extent the sperm-head
abnormality induction observed wi>Ji GC1~ couid be accountrd for bv these com-
poucds. The results from the present surly indicate that none of the haloacetonitriies
tested exittbH evidence tor spenn-head abnormality induction at the doses levels tested
(Table IV}- Chloroform has been previously found to be negative tor inducaci of
Si;je?m-£ieadabno43ialiries iamice inonesoidy [Topham. 1980V Arecond study fousa
SLLTsacaily signincant. elevated levels of sperm-head abnormalities in mice exposed
to air concectrations of 0.04 and 0.08 percent cf chloroform, 4 hr/day tor 5 days
[Land et ai. 19811. However, it is unlikely that the doses of OCI~ la the present study
could produce sufficient chloroform to match the doses involved in &':i Land « il
[1981] study.

Observauon of maxima in the dose-responsr. curves for two cxperimems with
OCI" suggesis a process that limits the response 10 rather low levds of exposure. A
variety of explanations exist tor such a dose-response curve. Howiver. if me c-iccts
are TO be accQunted for by reaction products with organic coosnaiems in the gastroin-
testinal tract, the response would most likely be limited either by the availability of
reac&antis) or by the tact that a produces) formed at low concentrations of disinieoanr
is destroyed at higher concentrations. In either case, the produols) formed must be
present in low concentrations. This obviously will make idennncanon of thi^e prcd-
uos diffioiit.
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Failure or any of the disinfectants to induce chromosomal aberrations or in-
creased numbers of oucronuciet in the bone marrow of mice would suggest that they
lack cfastogenic activity. However, it snouid be pointed out ihat these experiments
were conducted at doses that did not produce any overt toxicity or lethality. The doses
possible within the context of these experiments were limited to stable concentrations
of the chemicals that could be produced in aqueous solution. Alternative solvents
(organic) were not possible because of a h-zh likelihood of reaction with the disinfec-
tants. Several explanations are possible to account for the tact that OCT did not show
evidence of ciastogenic effects in mouse bone marrow but did induce signincam
increases in abnormal sperm, using similar dosing regimens. The different assay
results may reflect differences in assay sensitivities. The work of Bruce and Hcddle
[19791 from tests of 61 compounds indicates that the sperm morphology assay has a
grearsr success rate than the micronucieus assay for detecting agents that are active
in "*ivo. The differences in assay detection capabilities may result from the fact mat
srwrza-head abnormalities are thought to arise primarily from point mutations rather
man stars, gross chromosomal damage [Wyrobek and Bruce. 1978]. There also may
be differences in susceptibility owing to the strain of mice used (B6C3F1 vs CD-I),
or in the tissue disuibution or metabolic capacities of the bone marrow vs testes diat
may iiiiluence die specificity of these tissues as targets for the disinfectant by-
products. Finally, it should be noted thai the detection of a significant response is

t On the power of the statistical evaluations involved in each assay. This is
apparent from examining tne minimum difference between treatment and negative
conooi animals which were required for a result to be considered statistically signin-
cam. The imtiitimtn differences for statistical significance at the 0.01 level ranged
from 0.041 to 0.285 for the micronucieus assay results (Table 0, 1.5 to 10.4 for the
bone marrow cytogenetic assay results (Table H), and 0.24 to 2.605 for the sperm
morphology assay results (Tables HI. IV).

In summary, it appears that me drinking water disinfectant most widely applied
in the United States is capable of producing positive results in one in vivo bioassay
for muogenic chemicals. Further studies are needed to confirm this result in other
mmannnai test systems, especially in view of the indirect nature and uncertainly &i
sperm abnormality induction as a genetic endpomt. At present it is not possible to
project from these data the degree of hazard that may be implied in terms of increased
carcinogenic and/or mutagenic risks associated with die use of chlorine. Furthermore.
a more precise understanding of products formed by reactions of OCT with organic
constituents in the gastrointestinal tract is essential to the determination of whether
such risks, if confirmed, outweigh the benefits of disinfection t in terms of prevenong
waterborne inr JQUS disease) or hazards that are associated with alternative disinfec-
tants such as CO- (eg. hemoiyuc anemia and hypothyroidism).
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